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1. Executive summary 
This technical report is the result of the work performed under The University of Queensland Surat Deep 
Aquifer Appraisal Project (UQ-SDAAP) for seismic interpretation and the definition of the structural 
framework of the Surat Basin, Australia. Regional seismic interpretation has been carried out for the Surat 
Basin to support the development of integrated static geological models grounded in outcrop, well and 
seismic data. These various models at different scales and locations form the basis of dynamic simulation 
aimed at assessing the potential for CO2 storage.  
This study defines and recognises the seismic character of the play concept (‘Blocky Sandstone Reservoir’, 
‘Transition Zone’ and ‘Ultimate Seal’ – Garnett et al. 2019d), its limits and extent across the basin, and also 
identifies all the major structural elements associated with its deposition and potential containment risks. 
Results of the seismic interpretation linked to well data highlight future seismic appraisal programs that 
would support the characterisation of identified notional injection areas and could reduce remaining 
geological uncertainty. The most relevant objectives of this report are:- 
i. to confirm very low angle stratigraphic dip in the key areas of interest (Wolhuter et al. 2019a);  
ii. to delineate possible faults in the basin centre (so that they can be avoided for site high-grading: 
ibid)  
iii. to provide a chronostratigraphic-consistent correlation of the major stratigraphic surfaces of the 
Precipice Sandstone and Evergreen Formation based on available seismic data rigorously tied to 
well data (core and petrophysical interpretations: La Croix et al 2019b). 
Through the use of a sequence stratigraphic subdivision, static reservoir models can be constructed at 
various scales. A revised stratigraphic framework in this research serves as a means to subdivide and 
segregate the Blocky Sandstone Reservoir, Transition Zone, and Ultimate Seal within the static geological 
model (ibid). The improvement in understanding of strata and geobodies will yield a dynamic simulation 
model which is consistent with geological data; and will help explain the transmission of pressure and CO2 
across the basin for notional carbon storage scenarios. 
Future work should acquire new seismic data and, within a new acquisition programme, should consider re-
processing vintage seismic data to overcome some of the remaining Quality Assurance/Quality Control 
(QA/QC) issues (Honari et al. 2019d). This is not recommended except as part of a new data acquisition 
programme. 
2. Seismic interpretation 
A schematic seismic interpretation workflow is presented in Figure 1. The workflow was designed to start 
with areas with 3D seismic coverage, providing the highest degree of confidence in the seismic-to-well ties. 
The areas with 3D seismic coverage are then connected together using available intervening 2D seismic to 
identify regional and mappable seismic patterns and their lateral continuity across the basin. The workflow 
encompasses the following phases: 
1. Consolidate 3D and 2D seismic data and set up a seismic project 
2. Select priority areas near to available 3D data for well to seismic calibration (Myall Creek, Overstone, 
DC 3D etc.) 
3. Gather and QC check-shot, density and sonic log data 
4. QC and review seismic polarity, phase and time shifts 
5. Conduct seismic-to-well ties using wells with velocity information 
6. Define the seismic reference datum (SRD) and seismic phase. Construct synthetic seismograms 
7. Select regional mappable seismic events across the basin for the zone of interest (Precipice 
Sandstone/Evergreen Formation) 
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8. Define seismic events on the 3D seismic volume and calibrate these with core data if available 
9. Perform correlation loops and seismic ties from 3D data to 2D data covering the area of interest 
10. Recognise and map the structural features 
11. Provide seismic input for well correlations and integrate feedback from regional well correlations in 
areas lacking seismic data to constrain the extent of mappable surfaces 
12. Generate structural two-way time (TWT) contour maps for the mappable seismic events 
13. Generate time-depth conversion maps; define potential facies association trends; and integrate the 
results with rock properties distribution maps from well logs, DSTs and core data 
14. Recognise seismic facies that are comparable to well log character and locate their presence across 
the basin 
The seismic interpretation phases are consolidated and described in the following sections. 
Figure 1 Schematic workflow for Surat Basin seismic interpretation, the numbers in red boxes indicate 
the sequential phase. 
 
 
2.1 Seismic project set-up, data loading and data validation 
This section comprises the seismic interpretation phases 1 to 4. Available 2D and 3D seismic data was 
obtained from the Geological Survey of Queensland (GSQ) and the New South Wales state survey. Only 
data relevant to the Surat Basin was selected and loaded into the seismic master petrel project (Petrel 
2016). 2D surveys account for nearly 95% of seismic data within the basin. The latest seismic data from 
GSQ is reported as having standardised seismic reference datums for almost all vintages of data. However, 
there is still uncertainty as to how the data was calibrated to a common reference datum and whether 
additional quality control measures are required before the data can be compared with each other. A seismic 
project for the Surat Basin was also obtained from a pre-existing, UQ Centre for Coal Seam Gas “Surat faults 
and fractures project” focusing on the Walloon Coal Measures and shallower reservoirs, where the reference 
datum for each seismic line has been standardised. 
The GSQ 2D seismic data is organised according to the decade in which the data was collected and runs 
from the 1950s until the 2010s. Each decade contains three main folders: Scanned images, support data 
and SEG-Y data. The 1980s and 2000s are the main decades with large amounts of data and only after the 
mid 1980’s did SEG-Y data become common. There are also missing folders where some vintages may not 
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have SEG-Y data and/or scanned images available for calibration. Furthermore, some vintages have a 
subfolder where additional SEG-Y data is allocated (Other SEG-Y) that could be either duplicates, multiple 
process versions or additional data that has not been filtered by GSQ. The “other SEG-Y” data would be 
relevant in the case where the original SEG-Y has poorer quality or where the other data can be used for 
infill purposes. The seismic reference datum (SRD) and check-shot reference datum (CRD) considered for 
the area was 244m above mean sea level. This value was taken from the seismic data compilation where 
nearly 85% of the data is referenced to this datum. For the coordinate system, all seismic lines were placed 
in and referenced to the GDA94MGA-UTM 55.  
Data coverage for the Surat Basin is highly clustered and concentrated on the flanks of the basin where 
approximately ~50,000 line-km of 2D seismic and ten 3D datasets have been acquired through time. Nearly 
4,200 2D seismic lines are available from across the Surat Basin. A total of 3765 SEG-Y datasets are loaded 
in the seismic master project including a small percentage (~15%) of duplicates and multiple versions. The 
Moonie, Dalwogan-Condabri, and Myall Creek 3D are the main 3D cubes out of the ten loaded into the 
project which are the focus of seismic-to-well tie controls for the UQ-SDAAP area of interest. Figure 2 
compares all the seismic data density shapefiles acquired in the basin and reported by GSQ with the subset 
of data available digitally loaded into the UQ-SDAAP project. Data not loaded in the project is mainly data 
not digitally available or with unresolvable data quality issues.  
A list of the 2D and 3D digital seismic data digital loaded in the master project is presented in Gonzalez et al. 
2019c. 
Figure 2 Seismic data comparison between all GSQ data (left), and the UQ-SDAAP digital SEG-Y subset 
loaded for the project (right). Note that many data located in the southern area near the NSW 
border are not available in digital format [Background data is OZ SEEBASETM - FROGTECH 
(2014)]  
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The most common problem loading seismic data is the wrong location because of different UTM coordinate 
systems and a lack of navigation data in the headers. A QC process identified and corrected the common 
navigation problems, removed duplicates and multiple processed seismic lines retaining only the single 
seismic line with the highest level of quality. The integration of multiple data sources includes adjusting for a 
combination of migrated, raw and stacked lines, most of them without reports on phase and polarity. SEG-Y 
headers require further investigation to find relevant data (hard copy images) to standardise the seismic 
characteristics between the different 2D vintages. Some seismic lines were not migrated and seismic 
attributes change considerably from one vintage to another due to different reprocessing procedures over 
time.  
The 2D and 3D seismic and well data loaded into the seismic master project in the area of study is illustrated 
in Figure 3. It shows low density of data coverage on the northern and southern flanks of the basin (indicated 
with grey polygons). In the same areas, 2D SEG-Y seismic data has moderate to poor seismic quality 
(indicated with yellow dotted circles). The seismic vintages are not migrated, and this is thought to be a key 
reason for low reflectivity, poor signal and low amplitude contrast.   
With reference to Figure 4, seismic data is standardised to zero phase and the normal polarity SEG-Y 
convention. In general, and if data have been phase converted well, zero-phase data are preferred because 
it provides (in principle) sharper definition and less distortion between stratigraphic features in the 
subsurface, such as sand and shale layers. The SEG-Y convention definition is used to shift the polarity and 
phase of 2D seismic data when well ties and/or seismic reports were lacking. 
There is still uncertainty for some seismic vintages with mis-ties in phase because they are converted from 
minimum phase to zero phase and in many cases only reverse polarity is applied to match the calibrated 
seismic. Most 2D seismic lines in the Surat Basin seem to be recorded using European polarity and the 
“source” from the older seismic data is often reported to be a dynamite source (i.e. a minimum phase 
source). 
There remain some irreducible uncertainties and QC ambiguities on the phase and datum(s) used. However, 
this is considered to have minimal impact on the overall site “high-grading” or risk reduction methodology 
and on the current estimation of plume migration1. 
                                                     
1 This was discussed in a technical review with CTSCo 11-04-2019.  
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Figure 3 2D and 3D seismic data coverage. Grey shaded areas have low data density whereas dotted 
yellow areas represent moderate to poor seismic quality data. Thick lines are the seismic lines 
interpreted in this project.  
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Figure 4 Phase and polarity calibration for the Surat Basin seismic data. The zero phase, normal polarity 
SEG-Y convention was the selected wavelet calibration. 
 
 
2.2 Selection and identification of main seismic reflectors to 
develop the play concept 
Phases 5 to 8 of the seismic interpretation workflow are described in the next few sections. Geological and 
geophysical data are integrated to obtain an interpretation consistent with all the data types. This resulted in 
an improved calibration of the major seismic events that matched log characteristics and honoured the 
lateral extent of stratal packages across the basin and their relationship to regional tectonic, structural, and 
depositional trends for the Precipice Sandstone and Evergreen Formation succession. Five main 
correlatable seismic events were identified from synthetic seismograms, but only three were mappable at a 
regional scale. 
2.2.1 Geological concept 
The Precipice Sandstone has historically been interpreted as a laterally extensive reservoir and a major 
aquifer within the Surat Basin (e.g. Green et al. 1997; Grigorescu 2011). The unit is composed of quartzose 
sandstone with clay matrix overlain by a fine-grained sandstone and siltstone deposited in a braided stream 
system (Green et al. 1997). The Precipice Sandstone reaches its maximum thickness (~150m) along the 
north-south trending Mimosa syncline (or basin depositional centre) where the maximum depth is ~2200m 
below seal level2 (Figure 5).  
In a departure from the historic lithostratigraphic correlations, a chronostratigraphic approach has been 
undertaken in this research to characterise the stratigraphy, integrates core, wireline logs, palynology, and 
seismic data. An important difference from historic interpretations has resulted from this approach.  
Tracing seismic reflections across the basin revealed that the lowermost facies of the Precipice Sandstone 
has a much more limited lateral extent than previously interpreted. In the new interpretations (Figure 6 
and Figure 29), it is restricted to the central parts of the basin where paleotopographic lows occur (Wang et 
                                                     
2 It is more than 2.4km deep below ground level 
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al. in press). Stratigraphic analysis also revealed that sandstones on the western side of the basin (i.e. 
Wunger Ridge and Roma Shelf), previously identified as “Precipice Sandstone”, are stratigraphically younger 
than the basal sandstones deposited in the centre of the basin (Wang et al. in press). The play concept and 
chronostratigraphic framework for the Base Surat are described in detail in La Croix et al 2019b. The 
lowermost, oldest, basin centre Jurassic sandstones are referred to as the Block Sandstone Reservoir (BSR) 
in this research (ibid and Figure 6). 
Figure 5 Historic regional correlation from west (Roma Shelf) to east, identifying a “Precipice Sandstone 
Unit”. Upper right: is the historic GSQ “Top Precipice Sandstone” structural contour map, dark 
blue and purple colours denote greater depths. Bottom right: is the GSQ Precipice isopach map 
from well picks. Yellow and green colours denote thicker sections. The Mimosa syncline is 
marked in the dashed red line and solid red line is the Precipice Sandstone limits around 800m 
MD (CO2 at supercritical state). 
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Figure 6 Stratigraphic terminology used to describe the core, along with the modelling zones, and a 




2.2.2 Well to seismic tie 
Well-to-seismic ties are achieved by comparing synthetic seismograms in wells with surface seismic data. 
Synthetic seismograms are generated as the product of sonic and density logs in wells with velocity data 
(check–shots). An analytical method using a zero phase Ricker wavelet with peak frequency of 25 to 35 Hz 
was chosen in Petrel for all selected wells. The resulting synthetic seismogram is compared with the surface 
seismic lines that intercept the well location. As the synthetic seismograms are defined by the SEG-Y 
convention, seismic data were shifted to match the phase and polarity in many cases.  
For wells without density logs, the Garnet equation in Petrel is used to generate a continuous density log. In 
the absence of check-shot data, nearby wells with check-shot information were used, otherwise a time-depth 
relationship is calculated from sonic data. 
In addition to check shots and synthetic seismograms, petrophysical well logs and lithological descriptions of 
core are compared with the seismic reflectors to indicate where high acoustic impedance contrasts should 
occur. This contrast reflects significant changes of lithology and often differentiates mappable sedimentary 
units. This well to seismic tie approach is used to test the spatial distribution of the Base Surat major 
reflections with the aim to identify regional seismic character and correlation.  
Synthetic seismograms produced from areas with 3D data include the Myall Creek area on the western flank 
of the basin (Figure 7 (C)) and the Moonie and Dalwogan-Condabri areas (Figure 7 (B)), on the eastern flank 
of the basin. Logs were stretched and squeezed as required to obtain the best possible tie. Figure 7 exhibits 
the main regionally extensive seismic events using synthetic seismogram correlation from the Myall Creek 2 
well and the Chinchilla 4 well located 125km apart on opposite sides of the basin.  
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Figure 7 (A) Geographical location of the well to seismic tie calibration (3D data on the basin margins) 
with core data on the central part of the Basin (Woleebee Creek GW4 well). (B) Synthetic 
seismograms for the Chinchilla 4 well on the eastern flank of the basin highlighting five main 
seismic events. (C) Synthetic seismograms for the Myall Creek 2 on the western flank of the 
basin highlighting four main seismic events. Seismic events 1, and 3 are only recognised in 3D 
seismic events 2, 4 and 5 can be tracked regionally while seismic event 4 onlaps towards the 
western part of the basin. The figures B and C show gamma ray logs, sonic, density reflection 
coefficient, interval velocity and acoustic impedance displayed in the well section. The seismic 
section shows the adjusted and calibrated synthetic seismogram in the centre of the seismic 
panel where the well is located, embedded by the seismic surface (left and right) away from the 
well. Stars in the interval velocity panel denote acoustic impedance changes (red for high 
amplitudes and orange for low amplitudes). 
 
Five main seismic reflectors (i.e. “events”) can be identified in the Precipice Sandstone to Evergreen 
Formation interval. It is worth noting the seismic characteristic for event 4 was not observed in the Myall 
Creek Area (Figure 7 (C)) on the synthetic seismogram comparison across the basin. Thus, well calibration 
in the basin-centre to confirm the presence and continuity of this event is fundamental for regional 
chronostratigraphic correlation. As a result, well tie to seismic data in this area focused on recently drilled 
wells (Woleebee Creek GW4 and West Wandoan 1) with velocity and existing full core data for the Precipice 
Sandstone and Evergreen Formation. These wells are located in the managed aquifer recharge area (MAR) 
central part of the northern flank of the basin (Hayes et al. 2019a).  
Figure 8 synthetises the main seismic events with the Woleebee Creek GW4 core (see La Croix et al 2019a). 
The regionally mappable seismic events approximate the three zones within the notional geological storage 
complex: the Blocky Sandstone Reservoir (J10-TS1), the Transition Zone (TS1-TS3 near J20) and, the 
Ultimate Seal (near TS3). Woleebee Creek (GW4) serves as a reference well for core-log-data ties because 
it contains all of the major seismic reflectors and associated stratigraphic intervals. 
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Figure 8 A synthetic seismogram for the Woleebee Creek GW4 well located in the north-central part of 
the basin (see Figure 7 for location). It is tied to core data, which defined the stratigraphic units 
in this study (B). Regionally mappable seismic events are marked in red. Please note a strong 
acoustic impedance at the top of the Blocky Sandstone Reservoir SE4-TS1 where velocity 
decreases (low amplitude in seismic blue). The SE4 marks the top of the Blocky Sandstone 
Reservoir. Two strong increases in velocity contrast (high amplitude in seismic red) are also 
observed in SE2 nearJ20 which coincides with the base of the Ironstone bands and top of the 
Boxvale Sandstone. This SE2 corresponds to the top of the Transition Zone. The second high 
amplitude reflector is located at the base of the Transition Zone SE3 near MFS1, which shows 
the siltier and sandy development on top of the Blocky Sandstone Reservoir which some 
authors have correlated to the Upper Precipice in the past.  
 
The main stratigraphic zones defined in the project are correlated to the five seismic events as follows (see 
Table 1). Seismic event 5 corresponds to the base of the Surat Basin (“J10” or Sub-Surat Unconformity); 
Seismic event 4 (stratigraphic horizon “TS1”) represents the top of the Blocky Sandstone Reservoir. Seismic 
event 3 occurs near the maximum flooding surface (“MFS1”) part way through the Transition Zone. The 
surface separating the ‘Boxvale Sandstone Member’ from the overlying ‘Westgrove Ironstone Member’ is the 
seismic event 2 (“TS3” and “near J20”). Finally, seismic event 1 approximates the stratigraphic surface MFS3 
in the middle of the Ultimate Seal (middle of the Upper Evergreen Formation). It is worth noting that the base 
of the Hutton Sandstone (top of Evergreen Formation) termed the “J30” does not exhibit a good seismic 
reflection or acoustic impedance contrast that allows it to be clearly constrained using seismic data and 
therefore cannot be traced in the regional framework. 
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The seismic character of the Precipice Sandstone and Evergreen Formation observed in the synthetic 
Woleebee Creek GW4 seismogram is described below from top to bottom, following the downhole 
association from well logs and seismic contrast along the vertical seismic profile.  
Seismic event 1: represents the top of interval from the MFS3 and the TS3 stratigraphic tops (the lower part 
of the Ultimate Seal). Its main lithological characteristic is the presence of ironstone bands basin-wide which 
decreases towards the south part of the basin. The seismic reflection is represented by a negative 
amplitude, where the acoustic impedance (AI) decreases as the gamma ray response starts to decrease 
from its highest value above the seismic event 1 transitioning into siltier-muddy layers below where the 
seismic event is recorded. The AI at the seismic event is caused mainly by the density contrast as sand 
content quickly increases below the MFS3 top (Figure 6 and Figure 8).  
Seismic event 2: corresponds to the top of the Transition Zone (TS3 stratigraphic top). The synthetic 
seismogram interval is characterised by a higher amplitude positive peak and an increase in AI. The gamma 
ray response shows a change from siltier sands in the MFS3_TS3 zone into a thin (15m to 5m) sand unit 
(referred by some authors, in some areas as the ‘Boxvale Sandstone Member’) below the TS3 top. This is 
immediately followed by a trough then a low amplitude zone (~12 ms), which culminates in a doublet (~30 
ms) but lower amplitude red peak where the bottom higher amplitude is more consistent and distinct, 
representing seismic event 3 “Near MFS1” (Figure 8). The upper doublet could be correlated to the 
stratigraphic horizon SB2 which is marked by an aggradational sandstone unit. However, this is not well 
developed across the basin and it is generally less thick than seismic resolution.  
Seismic event 2 has a large step increase in velocity and a high-density contrast related to ironstone bands 
and cemented sandstone. The base of this sandstone, in this well, is correlated to the stratigraphic horizon 
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J20, which does not have strong acoustic impedance. Geologically, this marks the separation between an 
underlying aggrading systems tract consisting of sandstone and an overlying retrograding systems tract 
comprising low permeability, interbedded sandstone, silt and shale layers reported at the Woleebee Creek 
GW4 and other wells in the syncline axis. 
Seismic event 3: Seismic event 3 near MFS1, marks the top of the basal part of the Transition Zone (MFS1-
TS1). The seismic reflection is given by step increases in AI along 10 m to 15 m of stacked sandy/silty 
section at the base of the interval where gamma ray decreases (Figure 8). The sandy packages are thin with 
increasing sand content towards the base of the Transition Zone. The seismic interval has a higher 
amplitude red peak, followed by a low amplitude zone making up seismic event 4. This zone has been 
correlated by some authors in some areas with the top of sn “Upper Precipice Sandstone” interval. From 
core descriptions and offset well data, the paleogeographic facies distribution indicates a trend towards more 
sandstone-prone strata at the basin margin and muddier strata in the centre along the syncline axis. On the 
western part of the basin around Wunger Ridge and Roma Shelf areas, seismic event 3 directly overlies the 
Bowen Basin. This is the only area where it can be mapped with confidence (Figure 7C).  
The Seismic event 4: defines the top of the Blocky Sandstone Reservoir (TS1-J10). It also corresponds to 
the first seismic event occurring above the Base Jurassic Unconformity on the eastern side of the basin and 
is marked by a negative amplitude at the top that results from low velocity and low acoustic impedance 
imposed by the top of the Blocky Sandstone Reservoir. The reflector broadly corresponds to the top of the 
braid plain facies association. Seismic event 4 is only present on the eastern and central parts of the basin 
and it onlaps seismic event 5 towards the western basin margin. The interval based on synthetic 
seismograms exhibits a low amplitude at the top followed by wide/double high amplitude. This could be up to 
100 m to 120 m thick. In most of cases, the wide amplitude tends to be higher towards the top of the section 
denoting internal acoustic changes possibly related to the sand composition (Figure 8). 
Seismic event 5: Base Jurassic Unconformity J10. This is an angular unconformity and is not associated 
with an aerially consistent acoustic impedance contrast. The reflector varies from hard impedance layers to 
soft impedance layers across the basin and there is also apparent paleotopography in some areas 
(especially where the Permian Moolayember sub-crops at high angles). Nevertheless, either because of a 
continuous but variable reflector and/or because of sub-crop reflector terminations, it can be mapped with 
reasonable confidence in most areas. 
2.3 Stratigraphic seismic correlation and interpretation  
The stratigraphic seismic correlation covers the area of interest as defined by the phase 9 seismic 
interpretation. 
Seismic event 5 (“J10”), seismic event 4 (“TS1”) and seismic event 2 (“near J20”) show good lateral 
continuity and are the only events mapped with confidence regionally. Thus, the interval that can use seismic 
stratigraphy ranged between the Base Surat Unconformity and the top of the Transition Zone near the J20. 
Seismic events 1 and 3 were mappable close to 3D seismic surveys but not on regional 2D lines, suggesting 
they represent important localised horizons. The Base Surat Unconformity exhibits variable reflection 
characteristics that are either peaks or troughs depending upon the nature of the underlying strata and their 
angle of truncation. 
Three dimensional seismic data tied to wells with check-shot data and synthetic seismograms calibrate the 
interpretation of regional seismic events. These correlations are then extended to 2D seismic lines. The 
interpretation begins on localised seismic loops (field scale) offsetting the seismic reflections from the 3D 
areas into nearby wells along 2D composite seismic lines. This iteration is repeated along several possible 
loops connecting well data to ensure the seismic traces are consistent from well to well, minimising the mis-
ties and keeping the reflector trend between the lines. Several composite seismic lines “jump to jump” 
correlations are required in the absence of crossing lines and that this causes potential mis-ties. Figure 9 
shows a seismic correlation calibrated to a 3D seismic cube (West Wandoan) continued into composite 2D 
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lines. The 3D data is tied up with the 2D composite lines by a “ghost” window function in Petrel that allows 
cutting a portion of the seismic profile and extending it to the other side of the “Jump to Jump” correlation 
Figure 9A. This allows the corresponding phases and seismic traces calibrated into other seismic vintages 
(Figure 9B) to be followed. On the other side of the correlation, at well Trelinga 1 with velocity data, the 
synthetic seismogram matches the seismic data (Figure 9C). In the absence of velocity data for the North 
Cherwonda 1 well, the check shot data from Trelinga 1 well is used and time adjusted to the identified 
seismic events. 
Figure 9 (A) Composite seismic lines using 3D data. (B) 2D data with different quality and resolution. (C) 




The absence of 2D seismic data connecting the basin margins through the centre and the absence of wells 
to be tied to the sparse East-West seismic lines in the centre of the basin is the cause of uncertainty in 
mapping the lateral continuity of the seismic reflectors. To overcome this, 2D seismic fence panels are 
connected to 3D seismic data to estimate regional trends of seismic features across the basin, (Figure 10 
(A)). The integration of a regional overview of the seismic data from the basin margins helped to detect 
stratigraphic thinning and potential areas of truncation (onlaps) affecting the basal units (Figure 10 (B) and 9 
(C)). 
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Figure 10 (A) Regional 3D map illustrating 2D regional composite seismic lines for correlation. 
Background map is the top of the J10 unconformity. (B) An example of regional seismic line 
Surat 78-4 from west to east depicting the Base Surat. Stratigraphic panels in the seismic line 
depict the stratigraphic correlation and basal unit onlap. The location and orientation of the 
seismic line is marked with a red line in A. (C) is an inset (zoom-in of the blue box in B) of the 
central region of figure B exhibiting thinning and on-lapping of the Blocky Sandstone Reservoir 
towards the east. The yellow marker on the seismic line represents the top of the Blocky 
Sandstone Reservoir TS1, magenta is the top of the Transition Zone near J20 and white marks 
the J10 Base Surat Unconformity.  
 
 
Seismic and well data integration from the flanks of the basin reveal that the Blocky Sandstone Reservoir 
(seismic event 4 TS1, Figure 6) is confined to the east and basin-centre within pre-existing topographic lows 
and pinches out and onlaps the topographic highs towards the flanks of the basin (Figure 10 and Figure 11).  
Figure 12 illustrates a well-to-seismic correlation along the best quality regional 2D seismic line BMR-84-14 
from Myall Creek in the west to the Leichardt field to the east. Synthetic seismograms and well data 
correlation provide further evidence to support the Blocky Sandstone Reservoir truncation towards the west 
before the Daydream 1 well. The sandstones developed above the unconformity on the eastern flank of the 
Surat Basin are younger than the Blocky Sandstone Reservoir and are interpreted to be part of the 
Transition Zone described in this study. Seismic event 2 (Near J20 - Figure 6) is the most consistent and 
continuous seismic pattern identified for the base Surat section in most of the seismic lines.  
For later reference, Seismic Event 2 was the reference horizon used for the “flattening” process in Petrel with 
the aim to capture the Transition Zone and Blocky Sandstone sedimentation and structural patterns. Seismic 
event 3 (MFS1) is correlatable in synthetic seismograms for wells in the central part of the basin (Figure 12). 
However, the event is not continuous along the lines. This is consistent with a series of discontinuous sandy 
bodies as suggested by the facies analysis from core and wireline logs (La Croix et al 2019a). 
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Figure 11 Seismic Line AP10-21 illustrates paleotopographic control of the Blocky Sandstone Reservoir 
deposition. Note the double amplitude reflector near the Ferret 1 well, which is thicker with 
respect to a single amplitude reflector near the Dulacca 1 well (paleo-high). The cross section 
location is the red line on the inset map. 
 
Figure 12 Seismic Line BMR-84-14 (bottom inset) illustrates the seismic-to-well ties across the basin. The 
location of the seismic line is indicated by the red dotted line on the background map of depth to 
the Base Surat Unconformity. The seismic-to-well tie correlation indicates truncation of seismic 
event 4 (top of the Blocky Sandstone Reservoir) in the east near the Daydream 1 well. 
 
2.4 Structural seismic interpretation 
Phase 10 of the seismic interpretation workflow comprises fault identification, definition and correlation. A 
basin wide structural interpretation of the Precipice Sandstone and Evergreen Formation is limited because 
of the general absence of 3D seismic data, the poor quality or sparse 2D seismic data. However, there are 
locations where excellent data exist and these provide insights into the regional structural styles. Hillis et al. 
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1999 reported that the majority of the faults (80%) in the uppermost kilometre of the crust are reverse in the 
Surat Basin, while in the northern and southern Bowen Basin, 17% of the faults are strike-slip, and only 3% 
are normal faults. It is important to note that there are several geological periods of deformation and strain, 
and that more recent strike slip and reverse faults are mainly reactivated older structures. 
The UQ-SDAAP fault interpretation for the basin integrates seismic data and other geophysical datasets 
such as Bouguer gravity and magnetics to reveal regional structural style. Processed gravity data support to 
some extent, the interpreted relationship between paleotopographic elevation at Base Surat and pre-existing 
tectonic features. Details of the methodology are described in following section.  
Seismic data supports the interpretation that pre-existing basement fault geometries have an influence on 
the location of deposition and subsequent folding of the overlying sedimentary succession. The 
characteristics of Permo-Triassic structures that underlie the Precipice Sandstone to Evergreen Formation 
strata were investigated. In this study, the fault interpretation focuses on the central and southern parts of the 
basin near to the notional injection sites (Wolhuter et al. 2019a; and Ribeiro et al. 2019b). Structural data and 
interpretations from the north were consolidated from the fault and fractures interpreted in the UQ Centre for 
Coal Seam Gas “Fault and fractures project” (Copley et al. 2017 confidential report). Major faults mapped on 
2D seismic lines are not necessarily correlatable between these lines and may not be mapped as continuous 
fault planes due to the large distance between seismic lines. In these cases, the location of a fault across a 
2D line and information on dip angle, dip orientation and throw (within the 2D line) were recorded with 
regional structural strike inferred from gravity maps (e.g. the OZ SEEBASETM information – FROGTECH 
(2014)). 
The UQ-SDAAP project focuses on J10-J30 stratigraphy that make up the first sediments deposited in the 
Surat Basin. As a result, this study focused on both the major faults that occur in the immediately underlying 
Bowen Basin strata that may have influenced Surat Basin deposition, and the major faults within the Surat 
Basin strata as well. Figure 13 displays the main tectonic features, including the major faults in both flanks of 
the basin gathered from previous regional interpretations in public domain literature (Korsch et al. 2009; 
Reza et al. 2009).  
The major structural trends of the eastern Surat/Bowen basins can be divided into five key sections from 
south to north: Goondiwindi, Moonie, Leichhardt, Burunga and Cockatoo. These resulted from a major 
deformation and shortening at the end of the Bowen Basin sedimentation in response to the late Permian to 
early Triassic Hunter-Bowen Orogeny (Fielding et al. 1990; Korsch et al. 2009; Reza et al. 2009). The 
Merivale and the Hutton-Wallumbilla Fault System form the western margin of an extensive uplift on the 
Roma shelf extending ~100km or more in a north-south direction. Korsch et al. 2009 and Reza et al. 2009 
suggest that further deformation in the late Triassic consistent with transpression and reactivation of pre-
existing structures resulted in complex fault architecture. The major faults have their key characteristics 
itemised in Figure 14. 
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Figure 13 Top: the OZ SEEBASETM, FROGTECH (2014) map shows the regional tectonic elements of the 
Surat Basin. Bottom: A composite E-W seismic line displays the major faults and structures 
affecting the Bowen and Surat Basins (red dashed lines). The yellow polygon denotes the 
Blocky Sandstone Reservoir. 
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Figure 14 Characteristics of the major basement fault systems in the study area interpreted from 
magnetic, Bouguer gravity and seismic data. Fault system azimuth orientation is taken from He 
et al. 2019 “paper in press”. 
 
The major fault systems in the eastern flank of the basin are basement-involved with a north and northeast 
strike direction (Goondiwindi, Moonie, Burunga, Leichhardt, and Cockatoo faults). These faults are 
associated with pre-existing normal faults that formed during Early Permian rifting in the Bowen Basin with a 
reverse reactivation component that occurred in the Late Triassic (Hunter Bowen Orogeny) (Korsch et al. 
2009; Reza et al. 2009). These faults were reactivated during Jurassic-Cretaceous time with a possible 
strike-slip orientation as result of the Coral Sea rifting event (Gaina et al. 1998). However, they appear not to 
have propagated upwards or may have only slightly penetrated the Surat Basin strata. A high fault density in 
the Surat Basin is observed ~20km in the north-east of the Moonie oil field where fault reactivation seems to 
reach shallower depths.   
Figure 15, shows the different tectonic styles observed in the Bowen/Surat Basins based on data integration 
of: processed gravity data (Figure 15 (A)), regional seismic profiles (Figure 15 (B)), total magnetic map 
(Figure 15 (C)) and Bouguer gravity map (Figure 15 (D)). According to the seismic profiles in the south-
eastern part of the basin, the Goondiwindi fault system consists of a series of imbricated thrust faults (duplex 
system) where some of the faults propagate through strata of the Surat Basin. In the northern region, a flatter 
decollement of an imbricated system with antithetic faults creates large Permo-Triassic anticline features 
(Burunga Anticline) that are not reflected in the Surat Basin. The Leichardt fault (not displayed on seismic) is 
a vertical fault reactivated after Surat Basin deposition and possibly again during Jurassic time. This fault 
system seems to have strike slip movement and has a deep decollement on a regional Permian imbricate 
fault.  
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There are fewer observable faults in the centre and south west part of the Surat Basin and it is less affected 
tectonically than the northern and eastern margins. High density contrast in Figure 15 (A) represented by 
magenta colours is thought to be associated with the strike of Permo-Triassic strata along the Mimosa 
Syncline axis. However, some magenta coloured areas indicate volcanic feature anomalies that can be 
correlated with the total magnetic map (red areas Figure 15 (C)). As an example of this, areas east of the 
Goondiwindi Fault exhibit high density contrast (Figure 15 (A)) possibly related to intrusions (Figure 15 (C)) 
reported in well data. The probable ‘intrusive’ areas in the processed gravity map Figure 15 (A) are marked 
by magenta ellipses. 
Figure 15 (A) Processed gravity data (from original data from Geoscience Australia) using a 100km high 
pass filter shows major lineaments in red linked to major structural features. Magenta circles 
denote high-density contrast linked to intrusions as seen in the total magnetic map C (red 
areas). (B) A sequence of seismic lines oriented E-W (not scaled). The seismic profiles illustrate 
the different tectonic styles observed in the basin. (C) Total magnetic map (Geoscience 
Australia). (D) The regional gravity map.  
 
 
Other regional structural elements are mapped on the Roma Shelf area such as the Wallumbilla-Hutton fault 
system with a strike direction N-NW (Figure 15 (A)).  
Fault geometries such as throw and dip angle change rapidly between seismic lines along the regional 
orientation of the faults. This indicates discontinuous and segmented fault planes perhaps linked by relays 
rather than continuous fault planes. To understand fault continuity, a fault azimuth and dip analysis carried 
out on the Moonie 3D seismic volume validates the fault geometry of the Moonie fault. Moonie is an oil field 
that potentially has its original free water level controlled by certain segments of the Moonie fault which forms 
part of the Major Goondiwindi–Moonie fault system (Figure 16 and Honari et al. 2019b). Note that there is a 
bend in the strike of the regionally mapped Goondiwindi–Moonie fault system close to the location of the 
Moonie oil field..  
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The Moonie fault system has been previously mapped as a single segment reverse fault dipping south-east 
(Copley J et al. 2017). However, a dip azimuth fault analysis by UQ-SDAAP of the 3D seismic reveals that 
the geometry of the Moonie fault, which is ~15 km long, comprises six discreet segments, which have a 
marked variation of fault dip and azimuth along the fault trace (Figure 17).The total length of each segment 
ranges from 2 km to 5 km and the dip angle at the Base Surat Unconformity ranges from 15 degrees to 35 
degrees with the higher angle observed in the centre of Moonie fault where the throw is greatest. This was 
used as an analogy for interpreting the 2D seismic areas to help define fault segmentation patterns for 
regional fault zones. 
Figure 16 (A) The Moonie field location (white box) in relation to the regional OZ SEEBASETM info. - 
FROGTECH (2014). Blue and red dots are locations of interpreted faults crossing a seismic line.  
The red polygon is the approximate edge of the Blocky Sandstone Reservoir. (B) A 3D 
schematic diagram of the Moonie fault highlighting dip trends (purple plane). (C) Plan view of 
the Moonie fault showing the fault structural elements. Background map is the structural depth 
contour map of the top of the Blocky Sandstone Reservoir, orange colours indicate shallow 
areas. Blue dots represent the Moonie well location. 
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Figure 17 Left: Plan view and colour coded dip-azimuth map along the fault plane. Contours are the 
structure map of the top of the Blocky Sandstone Reservoir. Dark colours along the fault plane 
(blue-green) represent higher dip values where each fault segment is indicated by a different 
colour. Right: Seismic cross sections (marked on the base map on the left) illustrate the various 
fault geometries for different Moonie fault segments (e.g. Section B runs along the centre of the 
field and highlights the steeply dipping fault plane in segment 5 (dark blue colour). 
 
The central-southern part of the Surat Basin is the location of the UQ-SDAAP project notional injection sites, 
so this is the area of focus for the majority of fault analysis. Figure 18 exhibits the fault segmentation and 
fault orientation in relation to the current maximum horizontal stress of the basin (Hillis et al. 1998) for the 
Goondiwindi, Moonie, Burunga, and Leichhardt Fault Systems. Fault segment lengths have been identified 
by changes in fault parameters (azimuth and dip). Colour codes denote relatively large medium and small 
throws by red, purple and blue, respectively. The segmentation of the regional faults reveals a series of  
en-échelon faults oriented roughly parallel to the N-S regional structural grain. For instance, the Goondiwindi 
fault system is interpreted and mapped with a series of eight different offset fault segments along the 
regional trend. The segments vary in azimuth and throw and demonstrate variable degrees of propagation 
into the Surat Basin strata depending on the local architecture of the structures in the underlying Bowen 
Basin strata (Figure 17 (B) and Figure 18 (A)).  
The azimuth variation of individual faults ranges from NE-NW with dip angles from 15 degrees to 60 degrees 
(Figure 18 (B)). Fault segments with larger throws are oriented predominantly N to NW, which is nearly 
perpendicular to the direction of maximum horizontal stress (SW-NE) (Hillis et al. 1998, Figure 18C). Fault 
azimuths parallel to maximum horizontal stress tend to have small throws.  
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Figure 18 (A) A regional fault segmentation and classification analysis for the central and south east major 
fault trends. Colour code denotes the relative throw magnitude where red is large throw, 
magenta moderate and blue is small. (B) A stereonet plot of the fault segment orientations 
displayed by throw colour. The maximum horizontal stress (Shmax) is also displayed in black 
arrows where the orientation is taking from the Hills et al. 1988 map shown in C. Faults with 
large throw in red are mainly oriented NW-SE almost perpendicular to the current Shmax in the 




2.5 Time depth conversion and mapping 
The seismic interpretation phases 11, 12 and 13 deal with time-depth conversion and the generation of 
resultant depth maps. 
Seismic interpretations described thus far are made in two-way time (TWT). Time horizon structures are 
generated for regional mappable seismic horizons J10, TS1 and Near J20 with their respective isochores 
(i.e. the J10-TS1 interval is the Blocky Sandstone Reservoir) which describe the extent of the various 
stratigraphic zones in the basin. The most important aspect of the time-depth conversion is to build a 
coherent 3D velocity model. Due to a lack of representative seismic and well velocity data and the 
differences in structural and stratigraphic conditions between the eastern and western margins of the Surat 
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Basin (where most of the data is located), a suitable regional 3D velocity model cannot be constructed. 
Therefore, to link the time-domain of seismic data and the depth-domain of well data, a velocity model is built 
based on using check-shot data. The well velocity data is obtained from the time-depth relationship (TDR) 
from wells with check-shot information. The time-depth relationships are extrapolated to areas without well 
data. Sparse data commonly generates incorrect crossing grids while gridding thin layers near to truncation 
areas and paleo-highs. To overcome this issue a stacking method for time-depth conversion using a base 
reference grid and isochore maps with its respective interval velocities prevents crossing grids when data is 
sparse. 
Figure 19 displays the data used for depth conversion. A total of 32 offset wells (red dots on Figure 19) have 
good quality check-shot data to tie with the respective seismic survey velocities. In addition, a time-depth 
relationship for wells with good sonic and density logs uses check-shots from nearby wells with velocity data. 
The seismic data selected for time-depth conversion covers the stratigraphic extent of the Blocky Sandstone 
Reservoir, Transition Zone and Ultimate Seal. The seismic data in the northern part of the basin has poorer 
resolution and lies generally at shallower depth (often too shallow for effective CO2 storage). However, well 
data and outcrop data from this region are integrated with the seismic data to help constrain the 
extrapolation of the seismic horizon grid. 
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Figure 19 Distribution of data used for the time-depth conversion of seismic data. Red dots denote wells 
with velocity data. Lines in grey and blue are the 2D and 3D seismic data, respectively. Pink 
dots represent data obtained along the northern sub-crop of the Blocky Sandstone Reservoir. 
 
A “stacking” method follows an approach of sequentially adding the isochore surfaces which are converted to 
thickness (isopachs). This uses interval velocities from well data in each stratigraphic sequence from the 
bottom up (Figure 20). For this method, the base Surat (J10 unconformity) is the reference surface for the 
stacking process because this is the surface that provides paleotopography for the Blocky Sandstone 
Reservoir sedimentation. 
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Figure 20 Relationship between stratigraphic intervals and the time-depth (T-D) relationship used in the 
domain conversion for the mappable horizons. Well panel illustrates gamma ray log, sonic, 
reflection coefficient and the interval velocity. The T-D relationship panel shows the staking 
methodology. J10 horizon is the reference horizon for the staking method and the polynomial 
function from well TDR was used to convert it to the depth domain. The top of the Blocky 
Sandstone Reservoir TS1 was stacked on top of J10 using the interval velocity for the unit and 
the isochore map. Subsequently the Transition Zone top (near J20 was stacked on top of the 
TS1 following same methodology). 
 
Before generating the time conversion for the reference grid at Base Surat (J10 unconformity), mapping the 
TWT horizon is guided by the regional gravity data (Queensland Bouguer gravity map provided by GSQ). 
This aimed to fill gaps in seismic data and identify potential structures that control the deposition of the 
Precipice Sandstone/Evergreen Formation.  
The main objective of the gravity data is to identify Permo-Triassic sub-crop features, trends and its density 
contrast associated to a particular geological condition such as intrusions, faults etc. To do this, first the 
Bougue correction density was modified from 2.7 g/cm3 to 2.4 g/cm3, then a 100 km low pass filter was 
performed and the result subtracted from the total gravity data to remove the broad Surat Basin signature 
and accentuate shorter (structural) wavelengths.. This grid was used as a co-kriged input in Petrel to grid the 
regional Base Surat unconformity J10 (Figure 21). 
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Figure 21 Gravity maps used to guide Base Surat structural mapping. The left map is a regional gravity 
map, the central map is the processed low pas filter gravity map and the right map is the 
resultant time horizon of the Base Surat guided by the high pass filter map. 
 
Then, the Base Surat J10 is depth converted with a second order polynomial function, obtained from the 
wells with time-depth relationships (Figure 22). All check-shots were referenced to the 244m above mean 
sea level datum, the same as a common seismic reference datum (SRD) for the area. The y-intercept was 
fixed at the SRD and the polynomial function fits roughly in the middle of the distribution of check-shot points 
and the TDR (black line). The best-fit second order polynomial function was used to create a velocity formula 
in Petrel to “domain convert” the seismic horizon J10 into depth (Figure 23). 
Figure 22  Time depth relationship from available check-shot data in the Surat Basin. The best fit 
polynomial is the black line. 
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Figure 23 Structure depth contour map for Base Surat J10 with contour interval of 200m. Purple and dark 
blue denotes areas deeper than 2000m TVDSS. Red dotted line indicates the UQ-SDAAP 
model boundary. Inset square is the location of Durham Ranch. 
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The single best fit time-depth equation used for the entire area means that not all wells will tie perfectly 
across all depth and time domains. Residual errors remain of plus or minus 50 ms around 2000 m depth. As 
a result, a well top adjustment of the depth converted horizons keeps the regional structural trend but allows 
the J10 horizon to be smoothed. The effect on dip (and therefore plume migration) is therefore minimal.  
To create the overlying horizons TS1 (top of the Blocky Sandstone Reservoir) in the depth domain, the 
isochore of the Blocky Sandstone Reservoir interval is generated in time and depth-converted using the 
average interval velocity from well data.  
The average interval velocity obtained from the Blocky Sandstone Reservoir varies from 3800 m/s to 4200 
m/s being the lowest in the north-eastern part of the basin around the Durham Ranch area (see Figure 23 for 
location). Higher values are identified in the deepest wells in the basin but there is no clear linear trend of 
increasing interval velocity with depth.  
For the stacking time-depth conversion method, 4000 m/s was assumed to be the interval velocity for the 
Blocky Sandstone Reservoir. This converted isochore of the Blocky Sandstone Reservoir interval is then 
added to the base Surat J10 depth surface and guided with outcrop, pinch out trends and controls from 
adjusted well tops. This creates a top of the Blocky Sandstone Reservoir depth surface that does not cut 
across the base Surat and is consistent with the geological concept. There may be a systemic error in 
thickness from this simplified approach, but again no significant impact on stratal dip. 
The same stacking methodology was applied to the “Near J20” seismic horizon, where interval velocities are 
lower, ranging from 3300 m/s in the upper section of the interval to 4500 m/s when sand is present (seismic 
event 3) in the lowest part of the section. 
Once all the three time surfaces (J10, TS1 and near J20) are converted to depth, quality is controlled by 
comparing surfaces against well data and building regional cross sections to check for consistency. The 
outcome of the stacking method shows good well-ties and the depth converted model is consistent with the 
seismic interpretation in the time domain. 
A truncation model in Petrel is devised to control the extent of the Blocky Sandstone Reservoir, replacing the 
missing surface beyond the zero edge with the Base Surat Unconformity. The top of Figure 24 is a 3D 
schematic that illustrates the structure map of the Base Surat Unconformity with a west to east cross section. 
The cross section shows the truncation of the Blocky Sandstone Reservoir in green and similarly the top of 
the blue layer, which is seismic event “Near J20”. The figure below exhibits the thickness of the Blocky 
Sandstone Reservoir. Red colours denote the zero edge of the Blocky Sandstone Reservoir and magenta 
represents the region where the Blocky Sandstone Reservoir is the thickest, around 150m thick. 
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Figure 24 Top: Base Surat Unconformity (‘J10”) structural map (depth converted) shows the extent of the 
Blocky Sandstone Reservoir in the west to east section with light green colour. Bottom: Isopach 
of the Blocky Sandstone Reservoir depicting the zero thickness in red. 
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2.6 Qualitative amplitude analysis 
Regional seismic attribute assessments (seismic interpretation phase 14) such as the root mean square 
(RMS) amplitude technique were not applied to dataset available to the UQ-SDAAP. This is because of the 
large variety (vintages) of seismic surveys with different processing outputs, the scarcity of data and an 
insufficient number of lines that cross each other.  
The diversity of seismic data does not allow for standard seismic attributes to be defined for comparison 
purposes and therefore a reliable seismic correlation integrated with lithological well data cannot be 
obtained. However, a qualitative analogy based on the Myall Creek 3D data can be employed to understand 
the lateral variability of the base Jurassic sands at a field scale for input into regional modelling. 
The Myall Creek area was initially selected to obtain new dynamic well test data from the proposed drilling 
campaign by Armour Energy, which intends to drill eight appraisal wells during late 2018 and 2019 (Figure 
25) targeting deeper Permian aged reservoirs. The 3D seismic data is tied to wells, and reveals channel 
sand patterns at the base of the Jurassic section, which correlates to the seismic event 3 (Near MFS1) within 
the Transition Zone (Figure 6).  
Figure 25 Myall Creek 3D seismic data (location on inset) and well locations. The outline of the 3D seismic 
survey is blue while the other coloured lines represent the 2D seismic lines. Red circles mark 
the new planned well locations proposed by Armour Energy and black circles are the existing 
wells drilled through base Jurassic in the area. The proposed well identifications in the map are 
abbreviated (i.e. MC25 is Myall Creek 25 and Noor-6 is Noorindoo 6). 
 
In this area, the qualitative seismic attribute evaluation is based on amplitude analysis. It is also worth 
pointing out that seismic event 3 is only continuously mapped in localised regions within the 3D seismic 
volume. The seismic interpretation incorporates 3D data and the existing wells drilled in the permit and 
established a seismic log character that was extrapolated across the 3D seismic data. Phase and polarity 
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analysis were carried out to standardised synthetic seismograms. The Myall Creek data is reported to be 
zero phase and normal polarity (SEG-Y convention) as the standard regional seismic set up. This seismic 
input was employed to create the synthetic seismograms for relevant wells in the area. Four major seismic 
events (seismic event 1, 2, 3 and 5) were recognised from the well and 3D seismic data for the Precipice 
Sandstone/Evergreen Formation succession Figure 26.  
Figure 26 Gambier Park 1 well, synthetic seismogram alongside seismic data, acoustic impedance, 
interval velocity, gamma ray and the reflection coefficient. Seismic/well picks match with peaks 
and troughs from the SEG-Y convention. 
 
Seismic event 4 is not present because the Blocky Sandstone Reservoir is truncated against the Base Surat 
Unconformity further to the east. Thus, the Base Surat in this area is represented by the J10-MFS1 
stratigraphic zone, which is at the base of Transition Zone. Note that, the paleogeographic expression of this 
stratigraphic unit immediately overlaying the Blocky Sandstone Reservoir exhibits an increase in sand 
towards the basin margins according to La Croix et al. (2019c).  
Three seismic events (seismic events 2, 3 and 5) are interpreted within the 3D data volume using “3D 
seeded tracking” with different coefficient correlation scenarios. Areas with continuous amplitude values are 
constrained by higher coefficients and illustrate changes in the lithology that define the distribution of channel 
sands. Amplitude analysis are used to predict which of the planned Armour Energy well locations were more 
or less likely to encounter channel sands when passing through the Transition Zone strata. 
Three out of the eight proposed new Armour Energy wells (Figure 27) showed a strong amplitude contrast 
for seismic event 3 (Near Top MFS1) in the vicinity of the Myall Creek 2 well. The proposed wells Myall 
Creek 21, 22 and 25 are prioritised for data acquisition as they exhibit the highest amplitude values for 
seismic event 3 (horizon in blue in the seismic panels).  
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Figure 27 Seismic signature well panels. The blue horizon marks seismic event 3 (near top MFS1) and the 
red horizon the seismic event 2 “Near J20”; the background shaded map represents the RMS 
amplitude for seismic event 3 (near top MFS1 base of the Transition Zone). Purple colours are 
low amplitude and yellow is high amplitude (interpreted as channel sands). Proposed wells (red 
dots) are plotted for comparison with existing well data (black dots). The proposed wells MC 21, 
22 and 25 show high amplitudes for seismic event 3 (blue horizon highlighted with the ellipse) 
as pointed out by black arrows. 
 
A quantitative 3D volume analysis on the same 3D seismic data cube consisted of generating a 3D acoustic 
impedance volume to depict the lateral distribution of high amplitudes at seismic event 3 in the Transition 
Zone. First pass results reveal possibly meandering geo-bodies from southwest to northeast and high 
amplitude in the southern part of the area, the sites of most of proposed new wells (Figure 28). 
Based on this evaluation, the most promising new well location for UQ-SDAAP data acquisition is the 
proposed Myall Creek 22. It will be located 1 km northeast of Myall Creek 2 along the sandy channel 
interpreted on the acoustic impedance map for the basal part of the Transition Zone, which also has high 
seismic amplitude. Regionally, the seismic amplitude trend indicates rapid lateral changes between small 
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channel features and more widespread flood plain features. This is consistent with the paleo-depositional 
maps and expected facies association defined in La Croix et al. (2019c).  
Figure 28 3D time slice at the base of the Transition Zone near MFS1. High amplitude is shaded in red. 
From south to northeast, the red to brown shading could be interpreted as meandering sand 
channels. Yellow circles are proposed Armour Energy wells with MC22 located in the most 
promising place to encounter Transition Zone sand. 
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3. Tectonic-stratigraphic evolution of the Base Surat 
and implications for containment definition 
The structural and stratigraphic geological framework of the Bowen and Surat Basins are an important 
consideration for understanding the containment constraints for notional carbon storage in the Precipice 
Sandstone and Evergreen Formation. The seismic interpretation and the resultant maps are key input for the 
identification of notional CO2 injection and storage locations. Among the most important interpretive seismic 
outputs are: 
• The distribution of thickness and depth of the Blocky Sandstone Reservoir, Transition Zone and 
Ultimate Seal 
• The structural evolution of the Base Surat and the fault architecture in the Bowen Basin as well as how 
these structures influence the fault architecture in the overlying Surat Basin 
• An understating of the various tectonic styles across the Bowen and Surat Basins 
• A description of the potential connectivity (juxtaposition) across the various fault segments that were 
identified and mapped 
• The identification of tectonic elements in areas of low seismic density 
• The determination of the dip angle and its variation for the Precipice Sandstone/Evergreen Formation 
stratigraphic succession 
3.1.1 Contribution to seismic stratigraphy 
A model of the distribution, thickness and depth of the Blocky Sandstone Reservoir, Transition Zone and 
Ultimate Seal is a key outcome from the seismic analysis linked with the sequence stratigraphic analysis (La 
Croix et al. 2019b). Based on the sequence stratigraphic concepts, the extent of the Blocky Sandstone 
Reservoir is limited towards the west onto the Wunger Ridge and Roma Shelf. In the south, this unit 
becomes narrower from east to west and becomes shallower with respect to ground level, eventually 
pinching out against Permo-Triassic sediments approximately 20 km south of the Queensland and New 
South Wales border. Depositional trends on the eastern side of the basin appear to be controlled by uplift of 
the Late Triassic Hunter Orogeny, which exhumed the New England Fold Belt (Rosenbaum et al. 2018) 
leaving a narrow passage from the central part of the basin potentially connecting it with the Clarence 
Moreton Basin to the east (Figure 30). The paleogeographic extent of deposition towards the north is still 
under debate as the units become shallower and a substantial section appears to be missing due to erosion. 
Transition Zone (TZ) sandstones are more common and found closer to the top of the Blocky Sandstone 
Reservoir on the western and eastern margins. However, in the basin-centre, they appear less well 
connected (seismic reflectivity) and also make up a smaller proportion (core and log data) of the larger TZ. 
The potential exists for these sands to act as permeable layers in the Transition Zone (note that alternative 
interpretations were modelled in dynamic simulations - Rodger et al. 2019c). Figure 30 shows well data on a 
regional scale and highlights areas with low gamma ray values (grey shaded polygons) in which these 
sandstones are mainly located (La Croix et al. 2019c). Where 3D seismic data exists, seismic event 3 was 
interpreted as a reflector representing these sandstone bodies across restricted areas. These sandstones 
are proven to host hydrocarbon accumulations across the Roma Shelf (Garnett et al. 2019d: section 4.5), in 
the upper reservoir units of the Moonie oil field (Honari et al. 2019b) and in the Leichardt-Bennet discoveries. 
However, paleogeographically, these sands tend to become siltier than the Blocky Sandstone Reservoir and 
muddier towards the centre of the basin where the notional injection area is located in the underlying Blocky 
Sandstone Reservoir.  
The top of the Transition Zone or seismic event 2 (‘Near J20’ surface) underlays the Westgrove Ironstone 
Member. The event is widespread across the basin and correlates with the early Toarcian eustatic sea level 
rise. This is linked to a global mass extinction (Haese et al. 2016 and Ziolkowski et al. 2014) and is marked 
by a relatively flat transgression surface TS3. Seismic event 2 loses its strong contrast in acoustic 
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impedance towards the New South Wales border. This could be associated to changes of lithology where 
the wells exhibit fewer ironstone bands of the Westgrove Ironstone Member and where the Ultimate Seal 
(US) becomes siltier. Alternatively, sandier lithologies underneath the seismic event 2 in the Transition Zone 
(TZ) could account for the reduced impedance contrast. These two scenarios are not mutually exclusive.  
The importance of this observation is the fact that a sandier overall lithology and a thinner ironstone 
interval could result in a possible degradation of the sealing capacity of the Transition Zone to 
Ultimate Seal complex, to the south of the study area, towards New South Wales.  
The extent of the reflector and the nature of the underlying unit (the Transition Zone) structurally follows the 
seismic event 4 (top of Blocky Sandstone Reservoir) in a “basin filling style” but extending and covering the 
Wunger Ridge and Roma Shelf.  
However, the seismic event 2 also ultimately pinches out further south into New South Wales and towards 
the east on-lapping the underlying New England Fold Belt rocks.  
Qualitatively, the play “seal risk” increases to the south and there is poor well and seismic control 
governing the rate of change of lithology of the TZ-US complex. 
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Figure 29 Isopach map of the Blocky Sandstone Reservoir where the red colour indicates near to zero 
thickness and purple represents areas with thickness >150 m. The thinner central-east region is 
likely controlled by paleo-structures in a highly faulted environment. 
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Figure 30 A well fence diagram illustrating the relationship of the Transition Zone and Blocky Sandstone 
Reservoir across the basin. Grey polygons denote areas of low gamma ray response (higher 
net to gross) for the Transition Zone where sand intervals are most likely to be present. The 
background shade represents the thickness map of the Blocky Sandstone Reservoir. Red to 
orange colours are thinner strata. 
 
The maps of the distribution of the various stratigraphic units described in this report are presented in La 
Croix et al. 2019c as well as details of heterogeneity, connectivity and sealing potential. 
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3.1.2 Contribution to the seismic-structural framework 
Seismic interpretation helps to recognise different tectonic styles along the area of interest and their impact 
on the Base Surat strata. This is enabled by the integration of seismic data, non-seismic geophysical 
methods (i.e. gravity and magnetics) and well data. Results revealed variation of tectonic styles from north to 
south where pre-exiting structures of the Bowen Basin may have played an important role on controlling the 
sedimentation of Jurassic sediments and the creation of accommodation for development of the Surat Basin. 
Seismic evidence shows that some of those structures (faults) may have been reactivated during the 
Jurassic and in some cases even more recently. The geometry and continuity of regional faults has been 
revised. The larger faults are characterised by several segmented geometries aligned with the tectonic 
trends (i.e. Goondiwindi and Moonie faults). Faults can act as either barriers or conduits for fluid flow, thus 
their characterisation is important for CO2 injection and storage projects. This section covers a summary of 
the tectonic evolution of the Base Surat, a notional paleogeographic reconstruction, evidence for timing and 
fault reactivation, analysis of potential across fault connectivity scenarios and a structural evaluation focused 
on the notional area for injection.  
3.1.2.1 Observations on regional tectonic styles 
The structure of the J10 unconformity surface forms a gentle dipping to flat paleotopography formed after 
several million years of Bowen Basin inversion and erosion. The main tectonic events that led to the J10 
unconformity are summarised in Figure 31 where part A shows the stratigraphic column and part B shows 
examples of 1D burial history plots (Reza et al. 2009). Initial Bowen Basin deposition and subsidence is 
bracketed by the magenta parenthesis that is terminated by basin inversion and erosion (red arrow at the top 
of the magenta parentheses). This corresponds to first period of uplift on the burial history plots. This is 
followed by Surat Basin subsidence and sedimentation (red parenthesis) and a final period of basin 
inversion, uplift and erosion (the second red arrow and the second period of uplift on the burial history plots). 
The three main tectonic stages of basin development are also identified in (Figure 31 (D)) (Rosenbaun et al. 
2018), where the Kanibiam Orogeny in the Carboniferous creates the western flank of the Bowen Basin (e.g 
Roma Shelf and Wunger Ridge). Subsequently, in the Early Permian a rifting event took place that 
generated the Taroom Trough, which is the major depocenter in the Bowen Basin with up to 7 km of burial. 
Subsequently the Hunter Bowen orogeny in the late Permian and early Triassic resulted in deformation and 
basin inversion with uplift of nearly 4 km (Rosenbaun et al. 2018). This lateral shortening, uplift and mountain 
building was followed by extensive erosion that generated the J10 unconformity and defined both the 
topographic surface and the source regions of sediment that was to fill the Mimosa Syncline and form the 
Surat Basin. The development of the base Surat was possibly associated with subduction retreat, which 
recommenced in the Early Triassic following the end of the Hunter-Bowen phase (Li et al. 2012). 
Figure 32 depicts the isopach between the near J20 surface and the J10 unconformity. This isopach is like a 
“mould” of the paleotopography that reveals the positive land areas that contributed sediment supply to infill 
the J10 unconformity. The isopach thickens towards the pre-existing Permo-Triassic syncline axis. However, 
this syncline axis has been slightly shifted towards the west during Surat Basin deposition as result of 
possible tilting linked to the Hunter Bowen deformation.  
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Figure 31 Summary of the structural evolution of the Bowen and Surat Basins; (A) Stratigraphic 
nomenclature for the Surat and Bowen Basins. Red arrows denote basin inversion events, the 
magenta parenthesis points to Bowen Basin strata and the red parenthesis to Surat Basin 
strata; (B) 1D burial history plots (Reza at- al 2009) for the four wells displayed in figure C. (C) 
Regional map of the Surat-Bowen basins for the UQ-SDAAP area of study, exhibiting major 
tectonic elements (Korsch et al. 2009),the structural evolution of the Bowen Basin. (D) 
Deformation synthesis for eastern Australia between the Carboniferous (left) and Permo-
Triassic time (right) (Rosenbaum 2018). 
 
The youngest Surat Basin geological record preserved in the area is reported to be ~100 Ma. The Jurassic 
and Early Cretaceous are characterised by a tranquil tectonic period controlled merely by thermal 
subsidence, which may account for basin tilting through this time. Overlying the Cretaceous strata is a 
Quaternary alluvial succession that eroded any Tertiary sediments that existed. This time period also 
coincided with thermal uplifting caused by the initiation of the Coral Sea rifting event ~95-75 Ma. Preserved 
Tertiary sediments are only reported in the northeast part of the Surat Basin along the Duaringa Graben 
(Babaahmadi et al. 2017). 
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Figure 32 Isopach map of the combined TZ and BSR. The ‘J20’ is close to the top of the TZ. It  is 
truncated towards the south - the red dashed line is the approximate zero edge. Depocenters 
are highlighted by green-blue colours and potential emergent land is indicated by orange 
polygons. The size of the “+” in the polygon indicates qualitatively the possible degree of 
emergence and thus perhaps provenance contribution (increasing to the south). 
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A schematic paleogeographic reconstruction of the Base-Mid Jurassic around 170Ma is shown in Figure 33. 
This regional paleo-tectonic concept model only includes the results of the seismic interpretation in this study 
and is subject to a broader regional data integration from the Eastern Australian and Papua New Guinean 
margins.  
The closest plate tectonic boundary postulated to explain the Jurassic evolution of the Surat Basin is a 
convergent plate boundary. The schematic paleogeography (Figure 33 (C)) is rotated to express the location 
of the Australian continent in the Jurassic. The yellow area represents the extent of the Blocky Sandstone 
Reservoir. The extent of the basin on the east side of the map or the existence of connection to the 
Clearance-Moreton Basin remains uncertain. The thick red line is the subduction zone and dotted red lines 
represent the major structural elements in the Surat Basin.  
Figure 33 Schematic paleo-geographic reconstruction of the J10 Base Surat Unconformity for the Surat 
Basin where: (A) Is a paleo-tectonic map animation at ~170Ma (Scotese 2002). The red square 
shows the location of the Surat Basin. (B) is a schematic convergent plate boundary exhibiting 
the volcanic and thrust belt setting postulated to be analogous of the mountain building along 
the east side of Surat Basin during the Hunter-Bowen Orogeny prior and contemporaneous with 
deposition of the BSR. (C) is a paleogeographic representation of the basin at ~170 Ma with the 
tectonic elements associated with the postulated convergent plate boundary? The green area 
represents an emerged land mass at that time. Grey represents the magmatic arc (New 
England Foldbelt), whereas the yellow and beige polygons represent the Surat and Clearance 
Moreton basin sedimentation, respectively. Note a transfer zone and possible connection 
between the two basins. 
 
The magmatic arc (grey polygon) in Figure 33 (C) is postulated to be an area of  mountain building to the 
east of the Surat Basin with a back arc fold and thrust belt component (Hunter Orogeny; Figure 33 (B)). This 
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event causes the NW-SE shortening and deformation of the Bowen Basin strata and erosion of this 
topography ultimately became at least one of the sources for Blocky Sandstone Reservoir sedimentation. 
The green polygon represents the emerged mass land on the north-western side of the incipient Surat Basin 
(Wunger Ridge, Roma Shelf and Gunnedah Basin in NSW) that was shedding sediment and contributing to 
the deposition of the Basal Sandstone Reservoir as well. Figure 33 (B) is a schematic generic convergent 
plate boundary illustrating geographically the tectonic settings in relation to the Surat and Clearance Moreton 
basins. The orientation I-I’ in Figure 33 (B3) is also located in (C) where the subduction zone is near I’ and 
the Clarence-Moreton Basin lies in a fore-arc setting in the “right side” of the south magmatic-arc. A possible 
explanation for the presence of Jurassic age sediments in the adjoining Clearance-Moreton Basin could be 
the existence of an active transfer zone at the time of the deposition, displacing the subduction zone further 
to the east in a possible spreading fore-arc setting. It is postulated that the simple geometry depicted in 
Figure 33 (B) is complicated by a Transfer Zone (marked by a pink dashed line in Figure 33 (C), that could 
explain a connection between the Clearance-Moreton Basin and the Surat Basin. The trend of this transfer 
zone is similar to the Hutton-Wallumbilla fault system on the eastern side of the Surat Basin and runs parallel 
to the current N-NW striking fault directions in the Condabri area. 
The schematic paleogeographic and structural configuration for the Early to Middle-Jurassic in the area of 
this study is supported by structural studies focused on the eastern Australian tectonic configuration. 
Waschbusch et al. 2009 describes that the eastern Gondwanan margin was dominated by subduction 
processes during the initiation of the Pacific Plate in Middle-Late Jurassic (convergent plate boundary). On 
the other hand, the postulated transfer zone has a similar orientation as the north pine fault system (NPFS) 
with a sinistral NNW striking orientation. This fault system is located outside of the AOI further north of the 
basin limits and Babaahmadi and Rosenbaum 2014 indicated that the fault system has been active in 
different episodes since late Triassic. Conversely a new study by Babaahmadi et al. 2019 relates that the 
development of Early-Middle Jurassic sea-floor spreading of the Pacific Plate possibly acted as the driving 
mechanism for intensified magmatism and intraplate faulting in eastern Gondwana. Intraplate faults were 
active during this time with strike slip displacement. The demon fault (DF) located south west of the area of 
study in the Clearance Moreton Basin is an active intraplate fault. Figure 34 illustrates the NPSF and DF 
location in relation to the postulated transfer zone, which could be associated to a pre-existing intraplate fault 
with lateral movement during late Triassic-Middle Jurassic. In summary, pre-existing faults with strike slip 
components are active sometime around the late Triassic-Early Jurassic and they could have controlled the 
sedimentary deposition for the Mesozoic eastern Australian basins creating passages and structural 
connections (e.g. Surat and Clearance-Moreton Basins). 
                                                     
3 The indication of the convergent plate boundary is taken from PM-FiAS 2015 website “continent-ocean convergence formation of fold 
mountains”) 
 UQ – SDAAP | Seismic interpretation - geophysics 50 
 
Figure 34 Map of eastern Australia highlighting the Mesozoic Basin in green (Surat Basin and Clarence-
Moreton Basin CMB). The NPFS fault system and the DF are outlined in red. The postulated 
transfer zone is marked in magenta. Map modified from Babaahmadi et al. 2019. 
 
3.1.2.2 Timing for fault reactivation and propagation into the Surat Basin 
The seismic interpretation confirms the relative continuity of the Jurassic sediments without major faulting 
except for the areas on the eastern and north-western basin margins. These areas show fault reactivation of 
deeper structures through the overlying Surat Basin strata. The most complexly faulted area of the Surat 
Basin sedimentary succession is located northeast of the Moonie oil field where the Blocky Sandstone 
Reservoir thins and onlaps paleohighs of the J10 unconformity. Here, reactivation (with a strike-slip 
component and small throw) of Permo-Triassic faults is observed to extend into the Surat Basin strata (see 
Figure 35), occasionally to the base of alluvial sediments.  
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Figure 35 BMR84 seismic cross section east of the Bennet Field. A large number of faults cutting through 
the Jurassic section is highlighted in red dashed lines and by the blue box. 
 
It is very common for pre-existing basement faults to systematically influence folding of overlying strata 
(Allmendinger et al. 2004). In this study, the Moonie 3D seismic survey is used as a case study to examine 
the influence of the pre-existing Bowen Basin faults on overlying Surat Basin strata because of the high 
quality of seismic imaging. As shown in Figure 35, the variable geometry of the pre-existing basement in the 
Bowen Basin succession is reflected by a variation of folding styles in overlying Surat Basin strata. 
The trishear model, which is a type of fault-propagation fold, was initially proposed by Erslev 1991. It has 
been applied to the Moonie faults to characterise the evolution and kinematics of fault-propagation folding 
throughout the Surat Basin using FaultFold forward software (Jianhua and Gonzalez et al. in preparation).  
The model algorithm is based on three main parameters:- 
1) the trishear propagation to slip (p/s) ratio, i.e. the ratio of propagation to slip that has a profound 
effect on fold geometry  
2) the trishear apical angle i.e. the angle of the triangular zone of the distributed deformation on the tip 
of the propagating fault  
3) the basement fault dip (Figure 36). 
In all the trishear models, the hanging wall strata are thinned while the footwall strata are thickened. These 
features are consistent with the observation of natural trishear examples of the Moonie fault. The thickness 
ratio of the footwall to hanging wall in some seismic profiles is even higher than 1.60. Although these 
features are common to all models and natural examples, the geometry varies significantly with the change 
of specific parameters. For instance, a low fault dip, low p/s ratio and a high apical angle result in a high 
magnitude of hanging wall thinning and footwall thickening that subsequently forms a wider monocline.  
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Figure 36 An example of seismic data showing how the folding of the Surat Basin strata changes as the 
geometry of the reactivated basement fault (across the Moonie 3D seismic area) changes. The 
histograms show the thickness ratio of the footwall to hanging wall. 
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Figure 37 The trishear deformation modelling results with variable 3D parameter space. The three axes 
represent the trishear p/s ratio, the trishear apical angle and the fault dip, respectively. The 
rectangles with different colours show the style of folds and faults in the study area. 
 
According to the modelling results and seismic profile observations, three types of pre-existing basement 
reactivation were found in this study area:  
(i) Normal faulting in the Early Permian was reversed, then strongly reactivated at high angle 
developing a narrow monocline. It demonstrates high magnitude of hanging wall thinning and 
footwall thickening 
(ii) Listric trishear faulting with the dip increasing during compression, then reactivated with medium-
high fault dip developing a wide monocline. It demonstrates low magnitude of hanging wall thinning 
and footwall thickening 
(iii) Low angle faulting related to fault-bend folding followed by minor reactivation, thus developing a flat 
monocline with little influence on the Surat Basin stratigraphic succession (Figure 38) 
For the Moonie area, model 2 and 3 in combination is the closest possible scenario. Model 2 is more 
representative for the segments in the central part of the fault (segment 3, 4 and 5 Figure 17), whereas 
scenario 3 is observed in fault segments located at both ends of main fault trend (segment 1 and 5). 
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Figure 38 Model types for basement fault reactivation and its influence on the folding in the Surat Basin 
succession. The three models represent the deformation of the Bowen Basin (initial and folding 
stage) marked by erosion of the Base Surat Unconformity J10 and reactivation for the Surat 
succession. Details of deformation modelling are provided in the deformation modelling 
description. Model 1 considers a high angle fault plane, Model 2 moderate angle and Model 3 a 
low angle fault. Strong reactivation is linked to high-angle faults planes. 
 
The timing of pre-existing basement fault reactivation is not well constrained in the Surat Basin, but the fact 
that these structures are associated with fracturing, syn- or post-depositional folding provides some indirect 
constraints. Recent studies constrain Late Cretaceous-Cenozoic deformation in southeast Queensland 
(Babaahmadi & Rosenbaum 2014a; and Babaahmadi et al. 2015b). However, the specific tectonic events 
that led to this deformation remain poorly constrained. 
Other elements integrated with the triashear model in the search for evidence of fault reactivation are: core 
data (including geochemistry), thin-section descriptions of wells with fractures and the compaction trend 
evaluation from sonic data across the Moonie fault (i.e. selected Moonie wells on the hanging wall side and 
the Sussex Downs 1 well on the footwall side).  
Results from Precipice Sandstone to Evergreen Formation core and thin-section examination indicate 
fractures present near the J20 boundary. These are characterised by low angle slip fractures or high angle 
structural fractures showing smooth mirror surfaces, scratches and steps (Figure 39 (A) to 38 (C)). Two sets 
of fractures in core and thin-section (Figure 39 (D) and 38 (E)) indicate two tectonic events (He et al 2019 
“paper in press”). One set of fractures developed in the early stage of deformation and filled with calcite or 
silica (Figure 39 (D) and 38 (F)). Moreover, along or near this early fracture set, different hydrothermal 
minerals (e.g. barite and pyrite) occur in the mineral assemblage (Figure 39 (G) to 38 (I)). This suggests 
hydrothermal fluids from a deep-seated source migrated up through the faults and/or fracture channels. 
Pearce et al. (2019a) give further information on fracture fills. The geochemistry of several mineral fills 
(mainly calcite) in fractures of various cores in the Surat Basin is investigated in a separate project and 
support the notion of hydrothermal fluid migration (Golding et al. 2016).  
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Figure 39 (A) Fractured intervals observed in core (1032.24 m-1032.54 m) from the Upper Evergreen 
Formation on the Chinchilla 4 well: the fractures are filled with calcite. (B) Core from the Reedy 
Creek MB3-H well, 1102.25 m, shows a low dip-angle slip fracture with smooth mirror, scratches 
and steps. (C) Core from the Reedy Creek MB3-H well, 1102.75 m, displays a vertical 
compression-shear fracture with scratches and steps. (D) Core image from the Southwood 1 
well near the Moonie fault, 1988 m, depicts a sandstone with fractured quartz grains. There are 
two sets of fractures with the early fracture set filled with silica cement, see inset Energy-
Dispersive X-ray Spectroscopy(EDS) map of silica (Si); (E) core from the Chinchilla 4 well, 1101 
m, with calcite cemented fractures in sandstone. (F) An EDS calcium element map for part of 
the calcite filled fracture in figure E (image width 1 mm). (G) A Scanning Electron Microscopy 
(SEM) image of barite cement adjacent to a fracture mixed with K-feldspar altered to kaolinite. 
(H) An EDS spectrum of barite cement from the Chinchilla 4 well, 980 m. (I) A SEM image of 
pyrite cement. Ba: Barite; Ka: Kaolinite; KF: K-feldspar; Py: pyrite. 
 
The ‘vein cements’ that fill fractures have the least positive δ18O values (< 7 ‰) and are found in core from 
in wells that lie on or adjacent to the southeast margin boundary basement faults (e.g. Moonie-Goodiwindi 
and Leichhardt thrust fault systems). These veins are largely confined to the Precipice and Hutton 
sandstones and Evergreen Formation. Based on fluid inclusion homogenisation temperatures (Golding et al. 
2016), some samples from the Chinchilla 4 and Moonie 38 wells formed at similarly elevated temperatures. 
Combined with the analysis of Yb/La versus Yb/Ca cross plots (Figure 40) (Möller & Erslev 1993), the 
evidence suggests that pre-existing basement faults have been reactivated and continued to move 
throughout deposition of the Surat Basin succession. These faults provide pathways for hot fluid migration 
from the underlying Bowen Basin that gave rise to the observed cement filled fractures. 
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Figure 40  A cross plot of Yb/La vs. Yb/Ca (variation diagram modified after Möller 1993), data from 
Golding 2016. 
 
The compaction trend observed from sonic transit time data can reflect subsidence rate and be used to 
quantitatively evaluate exhumation or erosion thickness (Corcoran & Dore 2005). The difference of sonic 
transit time above the Blocky Sandstone Reservoir between the Sussex Downs 1 and Moonie 1 wells across 
the Moonie fault does not show strong variation suggesting a small compaction difference (Figure 41).  
This compaction difference below the Walloon Coal Measures (WCM) is more likely to be related to syn-
depositional fault propagation. From the 3D seismic, the Moonie fault cuts through the J10-TS1 boundary 
and then the fold propagates up to the top of the WCM where the overlaying sediments gently onlap. As a 
result, the Moonie fault could have two episodes of reactivation: i) at the base Jurassic, i.e. syn-depositional 
with J10-J20 and ii) folded after the accumulation of the WCM (Figure 42).    
In a regional context, most major fault deformation is controlled by decollements in the basement rocks and 
bounded by tight folds often composed of lower Permian strata. The structure styles are dominated by both 
thin skinned (e.g. fault-propagation fold and fault-bend fold) and thick-skinned structures (e.g. reverse fault). 
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Figure 41 The difference of compaction between the Sussex Downs 1 and Moonie 1 wells across the 
Moonie fault. 
 
Figure 42 Seismic profile (SM95-01) across the Moonie fault and its interpretation of the sedimentary 
sequence geometry showing the growth sequence 
 
The movement of many faults ceased in the Late Triassic. However, a few faults were reactivated variably 
along the north-south direction. For example, the Burunga anticline, one of the larger Bowen Basin 
structures, is tightly folded with more than 1 km of net uplift, whereas, the overlying Surat Basin section only 
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develops a subtle fold indicating negligible reactivation. In comparison, the Hutton-Wallumbilla fault system 
has Surat Basin strata uplift nearly equal to that in the Bowen Basin but only reactivated along the southern 
portion (Figure 43). The same observation can be made along some portions of the Goondiwindi and Moonie 
faults, with offset continuing across the Surat Basin succession. Very few of the faults formed in the Bowen 
Basin are reactivated along similar fault planes to the Surat Basin succession, but the Surat Basin strain is 
only loosely linked to the underlying Bowen Basin structures.  
Figure 43 3D view of the J10 structure map shows fault structural styles and schematic cartoons of 
seismic profiles across the major faults at various locations. 
 
3.1.2.3 Across fault connectivity 
An important aspect of fault analysis is the connectivity across the fault because it may allow fluid to flow 
across it. As described in the structural seismic interpretation section, faults in the Surat Basin are 
segmented along regional trends with offsets interpreted to be relay ramps. The sparse seismic data do not 
allow sufficient detail to be captured to define fault architectures and where they occur. However, fault throw 
and juxtaposition analysis of the moderate to good quality Moonie oil field 3D seismic survey is possible to 
evaluate across fault leakage potential (i.e. resulting from sand-sand juxtaposition) along individual fault 
segments. 
Free water level assessment of the Moonie field is based on DST data and history matching (Honari et al. 
2019b). The Moonie fault bounding the field could have an impact on the free water level geometry (i.e. the 
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hydrocarbon column height related to a fault leakage point). This “fault’ comprises of a set of fault segments 
with maximum throw in the central fault segments (segment 3 and segment 4 in Figure 17). The maximum 
throw is ~130 m (segment 4), shown as the red line depicted along the fault in Figure 44.   
A well juxtaposition analysis (triangle plot) uses the observed range of throw magnitude and the Moonie 41 
well stratigraphy, which is the well closest to the fault. It reveals two potential main sand-sand contacts 
between the Blocky Sandstone Reservoir (historically also termed the “58 Sand”) and sands within the 
Transition Zone.  
Figure 44 Well triangle juxtaposition analysis for the Moonie 41 well (left figure): there are two sand-sand 
juxtapositions between the Blocky Sandstone Reservoir and other sands in the Transition Zone 
at 30 m and 130 m throw. Right: Structural map of the top Blocky Sandstone Reservoir 
illustrating structural elements and fault throw (red is a high throw of ~130 m and yellow is low 
throw of ~20 m). 
 
The first juxtaposition at ~30 m throw is where the Blocky Sandstone Reservoir is placed against the 
Bridgeport Sand 56, a hydrocarbon bearing sand unit within the Transition Zone (TS1_MFS 1). This 
suggests a leakage scenario across the fault (Sand 56 – Sand 58) on the assumption that no shale gouge as 
a sealing membrane along the fault. shale gouge ratio (SGR) studies and calibration need to be performed to 
quantify the sealing potential by this mechanism (Yielding et al. 2002) and is beyond the scope of this 
project.  
The second sand-sand juxtaposition at ~130 m throw is where the Blocky Sandstone Reservoir is placed 
against the uppermost sandy unit in the Transition Zone (Figure 45). Other evidence to support leakage 
across the fault is presented in Figure 45. It shows an Allan Diagram (Allan 1989) with areas susceptible to 
the juxtaposition of Blocky Sandstone Reservoir and Boxvale Sandstone Member coinciding with the lowest 
free water level defined at ~130m throw.  
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Figure 45 Allan diagram across the fault plane representing the sand-sand juxtaposition for the Boxvale 
Sandstone (dark blue) and the Blocky Sandstone Reservoir (light blue) top figure. The arrow 
points to the area of potential juxtaposition of these sands at ~130 m throw. This zone is shown 
on in the map in the lower right and the stratigraphic triangle plot in the lower left. 
 
3.1.2.4 Tectonic elements in the Mimosa synclinal axis 
The notional injection sites in the southern depositional centre for the Blocky Sandstone Reservoir is near 
the Mimosa synclinal axis. It is important to understand the likelihood of faulting in this region as it could 
impact the viability of commercial-scale carbon storage. Unfortunately, the structural configuration of this 
area is poorly constrained due to poor seismic data coverage. Thus, regional gravity, OZ SEEBASETM 
(FROGTECH 2014) integrated with seismic fault interpretation and information from the Moonie oil field as 
an analogue are combined to assess the structural elements for the basin centre.  
Figure 46 depicts consolidation of the OZ SEEBASETM information (ibid) and dip angle data obtained from 
gravity and structural maps. The OZ SEEBASETM data (ibid) shows lineaments trending NE-SW as an en-
échelon pattern possibly related to extension of the Leichardt and Bennet faults to the south. The low pass 
filter dip angle map and the J10 unconformity structural map reveal a relatively flat area with dip angle < 2 
degrees in purple. Nevertheless, the gravity dip map shows an increase in dip to 5 degrees along some 
lineaments identified in the OZ SEEBASETM data (ibid) that could either be related to a deep structural 
feature or a strong Permo-Triassic sub-crop contrast. High dip angles to the east represent the steep dip 
increase in the Permian strata where the J10 unconformity is truncated. In the J10 unconformity dip angle 
map, an abrupt change in angle is caused by regional tectonic faults in the eastern part of the basin. While 
there are a few anomalies in the centre of the basin that could be associated with faults, grid extrapolation in 
these areas with low data density does not reveal any detail. The faults are consistent with OZ SEEBASETM 
(ibid) and gravity maps, fault strike is adopted from those maps and their lengths are arbitrarily mapped 
assuming a similar fault segmentation scenario to the Moonie fault. 
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Figure 46 Structural elements for the central region of the Surat Basin. Left: The OZ SEEBASETM map 
(FROGTECH 2014) highlights structural anomalies oriented NE-SW in the yellow circle. Centre: 
a map of dip angle from a low pass filter of the gravity map where blue indicates high dip 
angles. Westerly directed dip angles are related to the Blocky Sandstone Reservoir truncation 
against the J10 unconformity. Right: A structural map of the J10 unconformity with dip angle 
that highlights the eastern faults. 
 
Few 2D seismic lines reveal potential small throw faults from pre-exiting Permo-Triassic structures cutting 
through the J10 unconformity, that match geographically with the lineaments observed in the OZ 
SEEBASETM information (Figure 46 and FROGTECH 2014). The nature of the faults such as length and 
geometry are unknown and the orientation is assumed to follow the trends observed in the OZ SEEBASETM 
map (ibid). Two seismic lines in the central-south part of the area of interest include: 
1) C11-03 in north-south direction shows a Permo-Triassic normal fault extending across the J10 
unconformity with an offset of ~ 6 ms (Figure 47) 
2) Surat 78-2 in east-west orientation indicates a transpressional fault architecture at the level of the J10 
unconformity. The quality of this seismic line is poor and reprocessing could validate and or refute this 
interpretation 
Since the purpose of this exercise was to define the lowest containment risk sites for possible 
injection, potential and sometimes ambiguous faults were mapped and exclusion distances 
maintained away from them (Wolhuter 2019a).  
 
It is noted that this is conservative4 and that was the intent. 
                                                     
4 Reference to technical peer review comments 
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Figure 47 (A) Oz SEEBASETM data (FROGTECH 2014) with the location of the seismic lines S78-2 and 
C1103 in the central Surat Basin. Red dotted lines refer to regional lineaments. (B) Seismic 
profile Surat 78-2 EW displays a potential fault at the J10 unconformity near the gravity 
lineament A. (C): Seismic profile C11-03 displays a normal fault propagating across the J10 
unconformity. (D) Throws for both faults are ~6 ms and the interval velocity is estimated to be 
around 4000 m/s for this depth (Tasmania 1 well). 
 
 
Considering the small fault offset of 6 ms and a seismic velocity of 4000 m/s at the Blocky Sandstone 
Reservoir depth, the fault throw is estimated to be around 25 m, which roughly at the limit of seismic 
resolution. 
A juxtaposition analysis considers a 25 m throw for the fault and uses three deep well scenarios in the 
vicinity (Meandarra 1, Tasmania 1 and Cabawin 3) on the assumption that these wells reflect the stratigraphy 
of the deepest part of the Surat Basin.  As the fault regime is not clear from seismic data, a worst-case 
scenario of fault connectivity is investigated. This locates the downthrown side of the fault towards the 
eastern flank where the Blocky Sandstone Reservoir would be in contact with shallower reservoir units 
towards the east. At 25 m throw, all three wells show juxtapositions of the Blocky Sandstone Reservoir with 
high gamma ray values (mudstone) at the base of the Transition Zone (Figure 48).  
With increasing throw up to 40 m the Blocky Sandstone Reservoir would be juxtaposed to the upper sandy 
section of the MFS1- TS1 unit of the Transition Zone observed in the Tasmania 1 well.  
In summary, juxtaposition related to small-throw, high angle faults is not considered a significant risk factor in 
the basin centre. However, more seismic data are required to locate potential faults and confirm that 
no significant offsets are present in the area.  
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Figure 48 Fault juxtaposition scenarios for a fault with 25 m throw in the central Surat Basin. 
 
There is some indication that some faults may connect Permian strata to the near-surface. Examples are 
highlighted in seismic lines C-11-03 and BMR84-14 (Figure 49).  
The seismic line BMR84-14 exhibits strong and abrupt vertical seismic interference at the centre of the basin 
near the Meandarra 1 well.  
At first impression of this anomaly is that it could be associated with a gas chimney, however, artefacts from 
reprocessing or acquisition parameters could also be an explanation. The anomaly towards the east of the 
same line could be associated with reactivation of the Leichardt fault that propagates near to the surface. 
Further south in seismic line C11-03, a chaotic seismic pattern near the surface could be interpreted as 
strain, however it does not display roots through to the underlying units.   
A surface gas detection survey was performed over the main BMR84-14 ‘anomaly’ (Terra Sana Consultants 
2019). A surface gas survey over the seismic anomaly did not measure elevated gas readings.
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Figure 49 Left: seismic line BMR84-14 W-E shows vertical seismic anomalies up to the near surface in the centre and the eastern flank. Right: 
seismic line C11-03 N-S displays a large number of features in the near surface along the mute seismic zone. 
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4. Seismic interpretation in static modelling 
The UQ-SDAAP seismic interpretation provides the regional structural grid in depth for mappable seismic 
horizons and the major faults. These are the basis for building the various static geological models for the 
project. The stratigraphic definition of the basin, described by La Croix et al. (2019a, 2019b) includes 
additional layers beyond the three regionally correlatable seismic events (Figure 50). Two additional 
structural grids are generated to capture the detailed vertical heterogeneity. These grids are ‘phantomed’ 
from the existing horizons following the stacking method discussed earlier. For example, the MFS1 surface is 
only seismically resolvable in areas with 3D coverage. Therefore, beyond these areas, the MFS1 surface is 
extrapolated across the broader region using picks from wells (La Croix et al. 2019b) regionally guided by 
the top of the Blocky Sandstone Reservoir. Subsequently the next younger stratigraphic unit SB2 is 
“phantomed” using the MFS1 surface as a guide. Finally, the J30 does not have strong and continuous 
seismic character and consequently its surface is also “phantomed” following the regional underlying seismic 
surface “Near J20”. Truncated areas of extrapolated surfaces are validated with seismic and well data to 
keep the structural setting consistent ( 
Figure 51). 
Figure 50 Synthetic seismogram showing the three regional mappable seismic events and the 
“phantomed” horizons that are below seismic resolution, identified in well log and core data. 
 
The UQ-SDAAP structural framework results from mapping the J10 unconformity integrated with the 
interpretation of the major faults affecting this unconformity forming the “container” for the 3D geological 
model. Figure 51 shows the combined regional stratigraphic and structural framework used in UQ-SDAAP as 
a basis for static model building.  
 UQ – SDAAP | Seismic interpretation - geophysics 66 
 
Figure 51 3D schematic of the Base Surat (white surface) showing the spatial distribution of each 
stratigraphic unit identified in this study across the basin.  
 
 
The regional structural grids and isopach for each stratigraphic interval defined in the Surat Basin are 
presented in La Croix et al. 2019b. 
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